Direct ionization of DNA in solution.
Most of the energy absorbed in the cell nucleus from a radiation field goes into the aqueous medium that surrounds macromolecules, like DNA, which are critical to the normal function of cells. This part of the energy deposition produces numerous reactive species that can diffuse to DNA sequences and induce chemical changes. The average diffusion distance of the free radicals that mediate this indirect mode of DNA damage is only a few nanometers because the cellular medium contains a high concentration of molecules that rapidly scavenge the radiation-induced species. Under these conditions, direct interaction of the radiation field with the DNA can not be neglected as a potential mode of damage induction. Two aspects of the direct effect will be discussed in this paper: (1) screening of the interaction between DNA and charged particles by the dielectric response of the aqueous medium and (2) the impact-parameter dependence of these interactions.